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© Control apparatus for a fuel cell generating system. 



© In a hybrid fuel cell generating system, a fuel 
cell (3) supplies electrical power to a variable load 
(5) and is provided with back-up power by means of 
a storage battery (6). The surplus output of the fuel 
cell (3) is used to recharge the battery (6) under light 
load conditions. In order to avoid damage to the 
battery (6) during recharging, the output power 
(7,8,9,10) and current (4.16,17,18) of the fuel cell are 
controlled by means of a signal (rfc) generated by 
controller (15) in dependence on a comparison of 
the measured values of battery current (11 ,12)- and 
voltage (13) with preset values (14) determined in 
accordance with a predetermined characteristic re- 
lated to the charge level of the battery as calculated 
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CONTROL APPARATUS FOR A FUEL CELL GENERATING SYSTEM 



The present invention relates to control appara- 
tus for a fuel cell generating system employed, for 
example, for a power supply for an electric car 
such as a fork-lift truck. 

In general, in a fuel cell generating system 
formed by combining a fuel cell and a fuel re- 
former, it is difficult to have the output of the fuel 
cell follow the load variation with quick response 
particularly for use such as in the above-mentioned 
fork-lift truck in which the load is varied suddenly 
under operating conditions of travelling and cargo 
loading, since the response speed of the reformer 
is slow. Such being the case, there has already 
been proposed a hybrid fuel cell generating system 
in which a storage battery is connected to the 
output side of the fuel cell as a back-up for the fuel 
cell, electrical power deficiencies are made up from 
the storage battery under a heavy load operating 
condition in which the output of the fuel cell has to 
meet a heavy load. The storage battery is charged 
for recovery using surplus electric power from the 
fuel cell at times of light load or no load operation. 
Such a proposal is disclosed in Japanese Patent 
Application No. 121147/87. 

On the other hand, when the storage battery 
continues to be charged by means of the fuel cell 
in a light or no load operating state which continues 
for a long time, the storage battery becomes over- 
charged. Also, when an electrical power deficiency 
on the part of the fuel cell is made up from storage 
battery for a long time under a heavy load operat- 
ing condition, the storage battery becomes over- 
discharged. If such over-charged and over-dis- 
charged states are repeated, the life of the storage 
battery is considerably shortened. A control unit for 
a fuel cell generating system has been proposed in 
which the charged level of the storage battery is 
monitored, the storage battery is held in a highly 
charged state so as to cope with a heavy load by 
controlling the output of the fuel ceil in dependence 
on the residual capacity of the storage battery, and 
the stabilisation of electrical power supply to the 
load is arranged at the same time. Such a proposal 
is disclosed in Japanese Patent Application No. 
110634/87. 

It is highly desirable to maintain the storage 
battery of the generating system always in a state 
of high residual capacity so as to cope with a 
heavy load as when the load fluctuates suddenly in 
particular cargo handling states or motion states of 
a fork-lift truck. To this end, it is preferable to finish 
charging of the storage battery in the shortest 
possible time within the scope of providing a 
charging condition which does not shorten the life 
of the storage battery when taking advantage of the 
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light load or no load operating condition. 

The previously-proposed control systems only 
provide a basic control system that controls the 
output of the fuel cell variably in dependence on 
5 the charge level of the storage battery, and are 
insufficient to provide fine control of the output of 
the fuel cell based on the charging characteristics 
of. the storage battery to satisfy the requirement for 
completion of the charging recovery of the storage 

10 battery in the shortest possible time under the 
allowable charging conditions that do not cause 
deterioration of performance of the storage battery 
as described above. 

Referring first to Fig. 3, there is shown for a 

75 lead and storage battery, charging and discharging 
characteristics in terms of voltage against a regular 
time factor. In regions A and B of said characteris- 
tics, the battery reactions of charging and discharg- 
ing are performed reversibly, whereas the stable 

20 reversible reaction collapses in the over-charged or 
over-discharged state represented by region C and 
an irreversible state is produced. It is known that, if 
the storage battery is used repeatedly in this re- 
gion, the battery characteristics not only deterio- 

25 rate, but also the life of the battery is shortened 
considerably. Referring to Fig. 4, there is shown a 
current-to-voltage characteristic for the charging of 
each cell of a lead storage battery in terms of 
respective discharge levels (expressed as percent- 

30 ages of the fully discharged level), and a char- 
acteristic line D in Fig. 4 represents a boundary for 
a permissible charging rate region. That is, safe 
charging operation can be performed only in a 
region of relatively small charging time rates below 

35 the intersection of each characteristic line for the 
respective discharging level and the boundary line 
D. Progressive deterioration of performance of the 
storage battery takes place rapidly if there is re- 
peated rapid charging involving a relatively large 

40 charging current corresponding to the broken line 
region in Fig. 4 which extends beyond the intersec- 
tion of the line D with the discharge level char- 
acteristic line. In other words, when a storage bat- 
tery is being charged for recovery, the allowable 

45 charging current and therefore the allowable 
charging voltage, varies in dependence on the 
state of the residual capacity according to the 
characteristics of the storage battery. In particular, 
when light load operating times during intervals of 

so heavy load operation are utilised as described 
above for the power supply of a fork lift truck and it 
is required to charge the storage battery for recov- 
ery in a short time without causing deterioration of 
the battery characteristics, it is necessary to pro- 
vide fine control of the charging for recov ry using 

2 
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the charging conditions closest to the limit of the 
allowable charging rate region shown in Fig. 4 as 
represented by the line D. 

It is an object of the present invention to pro- * 
vide a control unit for a fuel cell generating system 
which makes it possible to perform fine control of 
the charging operation so as to charge the storage 
battery for recovery within the shortest possible- 
time to reach the target charge level under charg- 
ing conditions such as to avoid as far as possible 
deterioration of performance of the storage battery, 
and to provide optimum performance in a hybrid 
fuel ceil generating system used in particular to 
provide a power supply subject to sharp load fluc- 
tuations such as in a fork-lift truck. 

According to this invention, there is provided 
control apparatus for a hybrid fuel ceil generating 
arranged to perform electrical power supply to a 
load by connecting to the output of a fuel cell a 
storage battery as a back-up power supply, said 
control apparatus comprising means for controlling 
the power output of the fuel cell, means for control- 
ling the output current drawn out of the fuel cell, 
means for detecting the voltage of the storage 
battery, means for detecting the charge level of the 
storage battery, and a controller for controlling the 
power output control means and the output current 
control means in dependence on a pre-set vaiue of 
an allowable charging voltage corresponding to the 
charged level of the storage battery, and in depen- 
dence on a target value for the charge level to be 
maintained, said pre-set allowable charging voltage 
value and said target charge level value being 
predetermined based on charging characteristics of 
the storage battery, means being provided for com- 
paring said values with detected values of the 
voltage and charge level of the storage battery 
respectively obtained from said detecting means, 
the result of the comparison serving to provide a 
signal on the basis of which said controller is 
arranged to control the power output means and 
the output current control means. 

Here, the set value of the allowable charging 
voltage and the target value of the charge level are 
stored in a memory provided in the controller, in 
which the target value of the charge level to be 
maintained is pre-set preferably at more than 80% 
of the rated value, and the charging control pattern 
is set in dependence on the residual capacity of 
the storage battery in accordance with an allowable 
charging rate boundary line E shown in Hg. 2 and 
determined on the basis of the current-voltage 
characteristic of the storage battery shown in Fig. 
4. Also, the residual capacity of the storage battery 
is obtainable by monitoring the charge and dis- 
charge levels of the storage battery through charge 
level detecting means and computing a comparison 
with the rated capacity. 



When electricity is discharged from the storage 
battery during heavy load operation with the gen- 
erating system switch d on and th residual capac- 
ity is lowered to less than 80%, the detected value 

5 of the charge level and the voltage value of the 
storage battery are compared with respective pre- 
set values stored in the memory of the controller 
as previously described, and the power output con- 
trol means and the output current control means 

io are controlled in dependence on the comparison 
result so as to have the power output and the 
output current of the fuel cell increase in such a 
way that the charging voltage for the storage bat- 
tery, viz. the output voltage fed in parallel to the 

75 load and to the storage battery from the fuel cell 
does not exceed the pre-set value for the allowable 
charging voltage of the storage battery, thus charg- 
ing for recovery until the storage battery reaches 
the target charge level. In addition, practical control 

20 is performed by means of a three-term control 
system arranged to give PID (proportionai-integral- 
differential) control after determining the pre-set 
value at one point above the residual capacity of 
80% of the storage battery or 2-position control 

25 which is performed by determining two points 
above the residual capacity of 80%. 

In such a manner, by controlling the output of 
the fuel cell while controlling the charging voltage 
to the pre-set vaiue of the allowable charging vott- 

30 age in accordance with the residual capacity of the 
back-up storage battery, it is possible to charge the 
storage battery for recovery in a short time in such 
a way that deterioration of performance of the 
storage battery is not caused when the residua) 

35 capacity of the storage battery is lowered to below 
the target value and to always feed stable electric 
power to the load corresponding to sharp fluc- 
tuations of the load at the same time. 

An embodiment of this invention will now be 

40 described, by way of example, with reference to 
the accompanying drawings in which:- 

Fig. 1 is a block circuit diagram of control 
apparatus for a fuel cell generating system and 
embodying the present invention; 

45 Fig. 2 is a graph of allowable charging volt- 

age per unit cell against charge state of a storage 
battery of the control apparatus shown in Fig. 1 ; 

Fig. 3 is a graph of the charging and dis- 
charging characteristics of the storage battery; and 

so Fig. 4 is a set of graphs of charging current 

against charging voltage per unit cell characteristic 
of the storage battery. 

Referring to Fig. 1. there is shown control ap- 
55 paratus for a fuel cell generating syst m which has 
a raw material tank 1 storing reforming raw material 
such as methanol, a reformer 2, a fuel cell 3, and a 
DC to DC converter as means for controlling output 
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current from the fuel cell 3. 

The system also has a load 5 and a storage 
battery 6 for back-up. Also, a raw material transfer 
pump 7 is arranged for feeding reforming material 
to the reformer 2 from the raw material tank 1, a 
combustion air blower 8 is arranged for supplying 
combustion air to a burner of the reformer 2, and a 
reaction air blower 9 is arranged for supplying 
reaction air into the fuel cell 3. An auxiliary control- 
ler 10 is provided as output control means which 
performs control of the fuel ceil output by control- 
ling the operation of the various devices making up 
the fuel cell generating system. 

The reformer 2 is arranged to obtain reforming 
reaction heat by burning the exhaust gas dis- 
charged from the fuel cell 3. and the electric power 
consumed by the various devices and the auxiliary 
controller 10 is obtained from the output side of the 
fuel cell 3. 

In addition, for control of the fuel cell generat- 
ing system, control apparatus is provided by the 
output control means of the fuel cell, a current 
detector 11 for the storage battery 6 including an 
output current control means, an ampere hour me- 
ter 12 for calculating charging and discharging cur- 
rents for the storage battery as detected by said 
current detector 11, a voltage detector 13 for the 
storage battery and a controller 15 which outputs a 
control command signal Ifc to the auxiliary control- 
ler 10 and to the DC to DC converter 4 in depen- 
dence on the result of comparison of signals from 
the ampere hour meter 12 and the voltage detector 
13 and a charge level target value (a value higher 
than a residual capacity of 80%) of the storage 
battery as stored in a memory 14, with a pre-set 
value for the allowable charging voltage given in 
accordance with the control pattern shown in Fig. 
2. The DC to DC converter 4 has a controller 16 
and an output current detector 17 for the fuel cell 3 
detects the current on the input side of the DC to 
DC converter 4. A comparator 18 is provided for 
comparing the detected signal of said current de- 
tector 17 with The command signal Ifc from the 
controller 15. 

In operation, when the fuel cell generating sys- 
tem is operated, power is fed to the load 5 and the 
detected values of charge level and discharge level 
and the voltage of the storage battery 6 are input to 
the controller 15 through the current detector 11, 
the ampere hour meter 12 and the voltage detector 
13 respectively. The controller 15 computes the 
residual capacity of the storage battery 6 and also 
compares the charge lev I target value (a value 
higher than the residual capacity of 80%) of the 
storage battery that is stored in the memory 14, 
with the charging voltage pre-set value correspond- 
ing to the residual capacity of the storage battery 
in accordance with the control pattern of the al- 
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lowable charging voltage boundary line E shown in 
Fig. 2, and the command signal Ifc is output from 
the controller 15 based on the r suit of such com- 
parison. 

5 This command signal is supplied to the auxil- 

iary controller 10, which serves to control the raw 
material transfer pump 7, the combustion air blower 
8 and the reaction air blower 9 in accordance with 
the command signal Ifc. thereby controlling the 
10 output of the fuel ceil 3. At the same time, the 
command signal Ifc is compared in the comparator 
18 with the output signal from the fuel cell current 
detector 18, the DC to DC converter 4 is controlled 
by means of the controller 16 using the result of 
is the comparison as control signal and the output 
current of the converter 4 is varied so as to vary 
the output current of the fuel cell supplied to the 
load 5 and the storage battery 6 in dependence on 
the command signal Ifc. 
20 In this operating state electricity can be dis- 

charged from the storage battery 6 so as to make 
up any power shortage to the load 5 when there is 
an increase in the load. As a result, the residual 
capacity is lowered below the charge level target 
25 value and so the voltage of the storage battery 6 
falls into the range of the allowable charging volt- 
age. Accordingly, the controller 15 outputs the 
command signal Ifc so as to increase the output 
current of the DC to DC converter 4 but so as not 
30 to exceed the pre-set value of the allowable charg- 
ing voltage corresponding to the allowable charging 
voltage boundary line E of the control pattern 
shown in Fig. 2. 

The same command signal Ifc is applied to the 
35 auxiliary controller 10 before the current of the DC 
to DC converter is increased so that the output of 
the fuel cell is increased. With this, the output 
current of the DC to DC converter 4 is increased 
with some delay in time following the output of the 
40 fuel cell. 

This controlled state is continued until the 
charge level of the storage battery 6 reaches the 
target value (a particular value above the residual 
capacity of 80%), and during this charging process, 
45 charging for recovery is performed by arranging 
that the command signal Ifc which is output from 
the controller 15 varies instantaneously so that the 
allowable charging voltage pre-set value changes, 
following the allowable charging voltage boundary 
so line E given by the control pattern in Fig. 2 with 
increase in the charge level of the storage battery 
6. This control operation is performed by a control 
method such as PID control or 2-position control as 
previously described. 
55 When the charge level of the storage battery 6 

recovers to the target value, the output of the fu I 
cell is controlled by means of the controller 15 so 
as to be lowered to the original operating level. In 

4 
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the case of no external load such as the time of 
interruption of operation of a fork-lift truck de- 
scribed above, the fuel cell is controlled to stop 
once the storage battery is charged. 

The embodiment described above thus pro- 
vides control apparatus for a hybrid fuel cell gen- 
erating system arranged to perform electrical pow- 
er supply to a load by connecting to the output of a 
fuel cell a storage battery as a back-up power 
supply, said control apparatus comprising means 
for controlling the power output of the fuel cell, 
means for controlling the output current drawn out 
of the fuel cell, means for detecting the voltage of 
the storage battery, means for detecting the charge 
level of the storage battery, and a controller for 
controlling the power output control means and the 
output current control means in dependence on a 
pre-set value of an allowable charging voltage cor- 
responding to the charged level of the storage 
battery, and in dependence on a target value for 
the charge level to be maintained, said pre-set 
allowable charging voltage value and said target 
charge level value being predetermined based on 
charging characteristics of the storage battery, 
means being provided for comparing said values 
with detected values of the voltage and charge 
level of the storage battery respectively obtained 
from said detecting means, the result of the com- 
parison serving to provide a signal on the basis of 
which said controller is arranged to control the 
power output control means arid the output current 
control means. 

By controlling the output of the fuel cell while 
controlling the charging voltage not to exceed the 
allowable value thereby to charge the storage bat- 
tery for recovery to reach the target value after the 
residual capacity of the storage battery has 
dropped to below the target value because of dis- 
charging from the storage battery due to an in- 
crease in the load, the control apparatus described 
above provides a fuel cell generating system hav- 
ing desirable characteristics particularly when used 
as a power supply with sharp load variation such 
as in a fork-lift truck, so - that it is possible to 
complete charging storage battery in a short time 
under charging conditions such that there is mini- 
mal deterioration of performance of the storage 
battery, thus generally holding the storage battery 
at a high charge level which is able to cope with 
heavy loads without shortening the life of the stor- 
age battery and also performing stable power sup- 
ply to the load. 



Claims 

1 . Control apparatus for a hybrid fuel cell gen- 
erating system arranged to perform electrical pow- 

5 er supply to a load by connecting to the output of a 
fuel cell a storage battery as a back-up power 
supply, said control apparatus comprising means 
for controlling the power output of the fuel ceil, 
means for controlling the output current drawn out 

10 of the fuel cell, means for detecting the voltage of 
the storage battery, means for detecting the charge 
level of the storage battery, and a controller for 
controlling the power output control means and the 
output current control means in dependence on a 

75 pre-set value of an allowable charging voltage cor- 
responding to the charged level of the storage 
battery, and in dependence on a target value for 
the charge level to be maintained, said pre-set 
allowable charging voltage value and said target 

20 charge level value being predetermined based on 
charging characteristics of the storage battery, 
means being provided for comparing said valu s 
with detected values of the voltage and charge 
level of the storage battery respectively obtained 

25 from said detecting means, the result of the com- 
parison serving to provide a signal on the basis of 
which said controller is arranged to control th 
power output control means and the output current 
control means. 

30 2. Control apparatus according to claim 1, 

wherein said output current control means is a DC 
to DC converter. 

3. Control apparatus according to claim 1 or 
claim 2, wherein said controller is arranged to 

35 supply said signal, dependent on said comparison, 
to said output power control means arranged to 
control the supply and combustion of a raw ma- 
terial to the fuel cell. 

40 
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© Control apparatus for a fuel cell generating system. 



© In a hybrid fuel cell generating system, a fuel 
cell (3) supplies electrical power to a variable load 
(5) and is provided with back-up power by means of 
a storage battery (6). The surplus output of the fuel 
cell (3) is used to recharge the battery (6) under light 
load conditions. In order to avoid damage to the 
battery (6) during recharging, the output power 
(7,8,9,10) and current (4,16,17.18) of the fuel cell are 



controlled by means of a signal (Ifc) generated by 
controller (15) in dependence on a comparison of 
the measured values of battery current (11.12) and 
voltage (13) with preset values (14) determin d in 
accordance with a predetermined characteristic re- 
lated to the charge level of the battery as calculated 
by the controller (1 5). 
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